I. INTRODUCTION
Recently, two charged bottomonium-like structures Z +8 −6 ± 6 MeV is also consistent with that measured in the charged mode. Since Z b 's are isotriplet states, they need at least four quarks as minimal constituents, which makes them ideal candidates for exotic hadrons beyond the conventionalmesons. Note that the decay rates of ϒ(5S) → Z b π → ϒ(nS)ππ are comparable to those of ϒ(5S) → Z b π → h b (mP)ππ. This implies unusual dynamic mechanisms undergoing the decay process since the transition to h b (mP) would require the flip of heavy quark spin and should be suppressed in the heavy quark mass limit.
Before the observation of Z + b and Z ′+ b , the authors predicted the existence of loosely bound S-wave BB * molecular states [4, 5] . In Ref. [6, 7] , the authors predicts the possible existence of B ( * ) B ( * ) molecular candidates within one-boson-exchange model. Since the Z + b and Z ′+ b are charged and close to the BB * and B * B * thresholds, many studies show that they could be S-wave BB * and B * B * molecular states [8] [9] [10] [11] [12] [13] [14] . In Ref. [15] , the masses of S-wave heavy tetraquarks bubd and bdbū with J P = 1 + are extracted by the chromomagnetic interaction Hamiltonian, which turn out to be compatible with the corresponding masses of Z + b and Z ′+ b . The QCD sum rule calculations provide a tetraquark interpretation [16] . Meanwhile, the tetraquark picture is applied to the understanding of the decays of Z [17] . Besides the spectrum study, the production and decay of Z to be BB * and B * B * molecular states, Voloshin estimates their production in the radiative decay of ϒ(5S) [13] , and the pion-emission transitions from Z + b and Z ′+ b to lighter bottomonia are investigated by Refs. [18, 19] . In Ref. [14] , the properties of Z The intermediate meson loop transitions have been one of the important nonperturbative transition mechanisms in many processes, and their impact on the heavy quarkonium transitions, sometimes called coupled-channel effects, has been noticed for a long time [20] [21] [22] . By applying the on-shell approximation, the bottom meson loops were suggested to play an important role in the ϒ(5S) transitions to the lower ϒ states with the emission of two pions [23] or one η [24] . This mechanism seems to explain many unusual properties that make the ϒ(5S) different from ϒ(4S). Similar approach was also applied to the study of Z b and Z ′ b by Liu et al. [11] . In this work, we will investigate the decays of π. The paper is organized as follows. In Sec. II, we will introduce the formulae for the ELA. In Sec. III, the numerical results are presented. The Summary will be given in Sec. IV. 
II. TRANSITION AMPLITUDE
In order to calculate the leading contributions from the bottomed meson loops, we need the leading order effective Lagrangians for the couplings. Based on the heavy quark symmetry and chiral symmetry [25, 26] , the relevant effective Lagrangians used in this work are as follows, 
are applied to extract the couplings for g Z b B * B * and g Z ′ b B * B . In Eq. (1), The following couplings are adopted in the numerical calculations,
where
; f ϒ and m ϒ denote the decay constant and mass of ϒ(nS), respectively. The decay constant f ϒ can be extracted in ϒ(nS) → e + e − :
where α EM = 1/137 is the fine-structure constant. By adopting the mass values in Table I and data for the leptonic decay widths of ϒ(nS) states:
In addition, the coupling constants in Eq. (2) are determined as
with
, where m χ b0 and f χ b0 are the mass and decay constant of χ b0 (1P), respectively [29] , i.e.
, and f χ b0 (2P) = 121.6 MeV. The coupling constants relevant to the pion interactions in Eq. (4) are
where g = 0.44 ± 0.03
−0.00 [31] and f π = 132 MeV are adopted in this work. The loop transition amplitudes for the transitions in Figs. 1 and 2 can be expressed in a general form in the effective Lagrangian approach as follows:
where 
where Λ i ≡ m i + αΛ QCD and the QCD energy scale Λ QCD = 220 MeV. This form factor is supposed to parameterize the non-local effects of the vertex functions and remove the loop integral divergence.
The explicit transition amplitudes for
via those triangle loops are given as follows:
Also, the explicit transition amplitudes for
via those triangle loops are given as follows: where p i , p f , p π are the four-vector momenta of the initial Z b , final state bottomonium and pion, respectively, and q 1 , q 2 , and q 3 are the four-vector momenta of the intermediate bottomed mesons as defined in Figs. 1 and 2 . Proceeding to the numerical results, we list the meson masses involved in the hidden-bottom decays of Z b /Z ′ b in Table I . Several points concerning the determination of the form factor cutoff parameter which would be the only free parameter in a decay channel, should be clarified. First, we determine the cutoff parameter α for each channel separately by the experimental data. As shown in Table II indicates some unusual feature with this channel. In Table II , we also list the α values for each decay channels that can reproduce the experimental data. An alternative test is that we make an average of the α values for the Z b and Z ′ b decays separately without including the ϒ(3S)π channel, and then check whether it is possible to describe the experimental data with single values of α for Z b and Z ′ b , respectively. Interestingly, as shown by the sixth column of Table II , with α = 1.81 and 1.38 for the Z b and Z ′ b decays, respectively, the data can be reasonably accounted for except for the ϒ(3S)π channel. We also check the α-dependence of the decay branching ratios in order to give a quantitative estimate of the cutoff uncertainties in the loop integrals. The numerical results are summarized in Figs. 3 and 4 for the Z b and Z ′ b decays into ϒ(nS)π and h b (mP)π, respectively.
III. RESULTS
In Fig. 3 (a) , we plot the α dependence of the branching ratios of Z + b → ϒ(1S)π + (solid line), ϒ(2S)π + (dashed line), and ϒ(3S)π + (dotted line), respectively. A predominant feature is that the α dependence of the branching ratios are quite stable, which indicates a reasonable cutoff of the ultraviolet (UV) contributions by the empirical form factor. As shown in this figure, at the same α, the As we know that the dispersive contributions become rather model-dependent near threshold, the enhanced (but rather stable in terms of α) branching ratios for Z
+ suggests that more stringent dynamic constraints are presumably needed to describe the near-threshold phenomena where the local quark-hadron duality has been apparently violated. What makes this process different from e.g. ψ ′ → h c π 0 in Ref. [33] is that there is no cancelations between the charged and neutral meson loops. As a consequence, the subleading terms in Refs. [33, 34] become actually leading contributions. In this sense, a new power counting in the nonrelativistic effective field theory should be exploited for the Z b /Z ′ b decays [35] . 
which are plotted in Fig. 5 (a) . The stabilities of the ratios in terms of α indicate a reasonably controlled cutoff for each channels by the form factor. For the decays of Z
)π + , the following ratios are defined:
The α dependence is then plotted in Fig. 5 (b) , which also appears to be highly stable. Since the first coupling vertices are the same for those decay channels when taking the ratio, the stability of the ratios suggests that the transitions of Z b /Z ′ b → ϒ(nS)π and h b (mP)π are largely driven by the open threshold effects via the intermediate B meson loops. In order to understand this, the following analysis is carried out. First, one notices that we have adopted the couplings for the h b and ϒ to BB * or B * B * in the heavy quark approximation. Since the physical masses for B and B * are adopted in the loop integrals, the form factor will introduce unphysical pole contributions of which the interferences with the nearby physical poles would lead to model-dependent uncertainties. By assuming We expect that the partial restoration of the local quark-hadron duality will significantly lower the partial widths since there will be only one physical pole in the loop and the unphysical one can be easily isolated away from the physical one. As a result, the inferences caused by the closeness of the unphysical pole will be reduced [33] . As listed in Table III in Our results show that the α dependence of the branching ratios are quite stable, which indicate the dominant mechanism driven by the intermediate meson loops with a fairly well control of the UV contributions. We also pointed out that the results become sensitive to the meson loop contributions when the final state mass threshold are close to the intermediate meson thresholds in our calculation. Namely, the effects from the unphysical pole introduced by the form factors would interfere with the nearby physical poles from the internal propagators and lead to model-dependent uncertainties. It is also a consequence of the violation of local quark-hadron duality. Such a phenomenon has been discussed in Ref. [34] . Further experimental and theoretical studies [35] 
